ABSTRACT -The objective of this study was to evaluate the effect of different lipid sources on nutrient intake, performance, development and carcass characteristics of heifers raised in confinement. Twenty-one crossbreed heifers (Nellore × Santa Gertrudis × Braunvieh) received 600 g/kg forage composed of corn silage and 400 g/kg concentrate with a 58.0 g/kg fat content in the total diet. The following lipid sources were used: soybeans, protected fat (Megalac-E ® ) and soybean oil. The experimental design was completely randomized, with three treatments and seven replicates, and the means were compared by the Tukey test at 5%. The protected fat diet resulted in a greater intake of dry matter (8.80 kg/d) when compared with the other diets. The animals that were fed the protected fat diet had a higher average daily weight gain and slaughter weight.
Introduction
During dry seasons, feed shortage is a constant problem regardless of the production system, such as grazing or confinement, utilized to maintain animals. Thus, the use of diets that adequately supply protein and energy needs during this period is frequently studied. Increasing the energy density of the diet by adding lipid sources is a nutritional strategy that is used in the fattening of high genetic pattern cattle with the promotion of satisfactory performance results (Nelson et al., 2004) . Numerous lipid sources may be used. However, few studies have demonstrated or identified the dietary effects that lipid sources have on the efficiency and consequent cattle performance. Various lipid sources, such as soybean oil and whole seeds from oilseed crops, are regularly used.
The main problem of using lipids rich in unsaturated fatty acids (UFAs) in diets for ruminants is their effect on intake and, consequently, on productivity performance (Allen, 2000) . Although the energy concentration in lipids is greater than in carbohydrates and proteins, high levels of fat intake may reduce intake and amount of energy (NRC, 2001) . Allen (2000) suggests that metabolic factors are related to reduction in intake, whereas the ruminal digestibility of the fibrous fraction is acutely affected by the use of unsaturated lipids in diets consisting of up to 50% forage (Bateman & Jenkins, 1998) .
Diets rich in grains cause a pH decrease in the rumen, which inhibits lipolysis and biohydrogenation (Demeyer & Doreau, 1999) . Thus, "protection" is an alternative to the use of lipid sources that principally benefit UFAs absorbed and deposited in muscle tissue. Calcium salts of fatty acids are commonly known as "protected fats". However, they are neither protected fats nor do they bypass digestion because they mix with the rumen contents, and their fatty acids are biohydrogenated. Although a small amount of calcium salts are dissociated in the rumen, no increase in the concentration of fatty acids esterified in a sufficient level affect the microbial metabolism. The lipid supplement in the form of protected fat has been recommended for ruminants because it is considered an inert ruminal fat source (Harvatine & Allen, 2006) . However, scientific studies that evaluate the effects of this practice on beef cattle performance as weight gain and milk production are limited.
Thus, this study was designed to evaluate the effect of different fat sources on nutrient intake and average daily weight gain of heifers raised in confinement and the effect of these sources on the carcass yield and carcass development from these heifers.
Material and Methods
The study was conducted at the Agrarian and Veterinary Sciences College -UNESP, Jaboticabal Campus, SP in an area belonging to the Animal Science Department. There were 24 partially covered individual stalls with cement floors, and each stall had water available and a single trough for roughage and concentrate.
In this study, 21 crossbred heifers (Nellore × Santa Gertrudis × Braunvieh) of approximately 14 months of age were used. The animals were derived from an experiment that evaluated the sward structure and performance of beef heifers supplemented with mineral or protein/energy supplement, maintained on Brachiaria brizantha cv. Marandu pasture subjected to different grazing intensities under continuous stocking during the rainy season, and each of them had a body weight of approximately 300 kg, forming a homogeneous group. The animals were initially housed for a 25-d adaptation period to adapt to the facilities, management and diet. After this period, they were randomly allocated to individual stalls.
The experimental diets were formulated to provide a dry matter (DM) intake of 23.0 g/kg of body weight and gain of 1.20 kg/d, which was obtained by the RLM Software ® / ESALQ-USP (1999) according to the CNCPS system developed by Fox et al. (1992) .
The diets were isocaloric and isonitrogenous and were composed of corn silage for roughage (600 g/kg) and concentrate mixture (400 g/kg). The diets were based on maize and soybean meal and supplemented with a mineral mix (Table 1 ). In the soybean diet, the soybeans were the main protein source replacing all the soybean meal.
Ingredients were ground in a hammer mill fitted with strainers and 5 mm sieves. The mixture homogenization was performed in a horizontal mixer for 15 min.
Animals were fed corn roughage and the experimental concentrates once a day at 8:30 a.m. Throughout the entire experimental period, the provided quantities were adjusted to allow approximately 10% surplus in relation to the total consumed the previous day to provide intake ad libitum.
The leftovers were removed and weighed every three days, and then grouped in periods of 34 d and placed in a freezer at -20 °C. After the experimental period, the samples were thawed and grouped per animal and per period. Subsequently, they were freeze-dried, ground (1 mm) and analyzed. To estimate the nutrient intake of the animals, the samples were analyzed for the following components: dry matter, organic matter, ether extract and crude protein according to the AOAC (1990); and neutral detergent fiber (NDF) and acid detergent fiber (ADF) according to Van Soest & Robertson (1985) with the samples subjected to digestion in detergent solution for 40 minutes in an autoclave at 111 ºC and 0.5 atm (Deschamps, 1999) . The gross energy (GE) was obtained through sample combustion in an adiabatic calorimetric bomb (PARR Instruments).
After 68 d of confinement, the animals were transported to a slaughter house. The next day, after fasting (solids) for 24 h, slaughter took place using a compressed air pistol to cause a cerebral concussion, and the animals were then bled by cutting the jugular and carotid veins.
After slaughter, carcasses were identified and weighed to obtain the weight and hot carcass yield. Carcass yield was calculated with the hot carcass weight and body weight ratio after fasting. After cooling for 24 h in a refrigerator at 4 °C, carcasses were weighed again to obtain the cold carcass weight. The pH was measured with a digital meter, and carcasses were evaluated according to the procedures described by Muller (1987 A cross-section from the left half of the carcass, including the 9th, 10th and 11th ribs that compose the second section, Hankins & Howe section (HH), was removed for assessment of body composition according to Hankins & Howe (1946) . The assessment consisted of weighing the cut and visual separation of the muscle, fat and bones with a knife, which were weighed separately for the calculations of each component (kg/100 kg of carcass).
After the section dissection, the equations proposed by Hankins & Howe (1946) In the right half of the carcass, the carcass length, leg length, thigh thickness, shin length, shin width and carcass width were measured. The primary cuts were also separated into rear, front and spare ribs. They were all weighed to calculate percentages in relation to the half carcass.
The experimental design was completely randomized with 21 animals, 3 treatments and 7 replications. Statistical analysis was conducted with the GLM procedure of SAS (Statistical Analysis Sytem, version 9.1). The initial body weight was used as a co-variable for the statistical analyses of the average daily weight gain, slaughter weight and nutrient intake. When necessary, treatment means were compared using the Tukey test and adopting α = 0.05.
Results and Discussion
The fat supplements significantly affected (P<0.05) the intake of all studied nutrients. Soybean and soybean oil resulted in reductions (11.48% and 10.45%, respectively) of DM intake when compared with protected fat, which had greater DM intake and percentage of body weight (Table 2) .
One possible explanation for the reduced intake in the soybean oil and grain is the theory of intake regulation proposed by Nicholson & Omer (1983) . This theory suggests that the increase in cholecystokinin secretion due to the presence of UFA in the digestion may inhibit motility in the rumen and reticulum reducing the feed intake.
A negative effect of oil intake was also observed by Jenkins & Palmquist (1984) . This occurs because rich sources of UFA, such as soybean oil, have effects on the microbial membrane permeability, primarily by inhibiting the Gram-positive bacteria activity, where this alters the rumen fermentation (Nagaraja et al., 1997) . Thus, adhesion and multiplication of the cellulolytic bacteria population responsible for fiber fermentation is prevented, thereby reducing feed passage through the digestive system and, consequently, intake.
According to McNiven et al. (2004) , soybeans are rich in UFAs and are used in diets to increase the amount of lipids, which increases the flow of UFAs into the small intestine. According to Martinez Marin (2007), approximately 20% of UFA ingested by ruminants reach the small intestine without undergoing complete biohydrogenation. However, increased or decreased UFA flow into the small intestine depends on the lipid source used and the diet composition (Jordan et al., 2006) .
The current literature is not conclusive regarding the effects of protected fat on nutrient intake. Allen (2000) developed equations involving 24 studies on protected fat and suggested that the addition of 1 g/kg protected fat reduces the DM intake by 2.5 g/kg. Other studies reported no effect with the supplementation of protected fat on the DM intake of cows and sheep (Palmquist, 1991; Perez Alba et al., 1997) .
Working with pregnant goats, Silva et al. (2007) protected fat (Megalac-E ® ). They suggested that the Megalac-E ® -protected fat proportionally presents more UFA than previous formulations of protected fat. Thus, the involvement of UFA in this supplement is greater than in soybean oil. Chelikàni et al. (2004) stated that when ruminants are fed large amounts of unsaturated fats, feed intake is reduced. The hypophagic effects in which lipid supplementation reduces intake, as mentioned by Allen (2000) , involve rumen fermentation, intestinal motility, diet palatability, gut hormone release and liver fat oxidation. This implicates that the mechanism of physiological regulation may justify the greater intake of the diet with protected fat when compared with the diet with other lipid supplements. Aferri et al. (2005) found similar DM intake values calculated as percentage of body weight. They fed 14-monthold confined crossbreed steers with diets containing either 5 g/kg fatty acid calcium salts or 21 g/kg cottonseed, and the DM intake values were 2.45 g/kg and 2.29 g/kg, respectively.
Nutrient intake was influenced by the lipid sources, and the animals that received protected fat ingested greater (P<0.05) amounts of OM, CP, EE, and NDF. This was due to greater DM intake and, consequently, greater nutrient intake when compared with the other diets.
Lipid sources influence the average daily weight gain (P<0.05), but significant differences were not found in the protein efficiency ratio and feed conversion (P>0.05; Table 3 ). Average feed conversion and protein efficiency ratio values were 5.68 kg DM/kg weight gain and 1.38 kg weight gain/kg protein intake, respectively.
According to Mannetje (1982) , in cattle production systems solely based on pasture, the genetic potential to gain weight, especially of larger body size, is never reached. The maximal daily live weight gain obtained in these circumstances corresponds to approximately half of the genetic potential of the animal. This may help to explain the compensatory growth effect of the animals in this study. Although the animals were coming from pasture and receiving supplementation, it may not have been enough to reach the potential maximal weight gain of the animals.
The compensatory weight gain effect is not well understood. More information is needed to incorporate the weight gain effect efficiently in prediction or performance models. The main problem involves the correct identification of each factor that affects compensatory growth, and understanding the biological processes that trigger compensatory growth also poses a challenge.
Weight gain differences occur because the feed efficiency of the animals decreases as they grow. The nutritional requirements for maintenance increase because it is a characteristic associated with body weight; furthermore, adipose tissue requires 2.5 times more nutrition. Fernandes et al. (2007) fed Canchim heifers in confinement with two different diets. One diet was composed of sugar cane and sunflower seed, and the other diet was based on corn silage and soybean meal. They found an average daily weight gain of 1.32 kg and feed conversion of 5.81 kg DM/kg weight gain.
Jaeger & Oliveira (2007) fed 14-month-old male bulls diets with 5% protected fat (LAC-100 Yakult ® based on soybean oil complexed with calcium) and found average daily weight gain values of 1.47 kg and feed conversion values of 7.08 kg DM/kg. These results are lower than the results found in the present study.
Similarily, Aferri et al. (2005) found average daily weight gain values of 1.17 kg/d and feed conversion values of 8.38 kg of DM/kg in diets with 5% calcium salts and the addition of fatty acids. They also reported average daily weight gain values of 1.20 kg/d and feed conversion values of 7.86 kg DM/kg gain in diets with 21 g/kg cottonseed. Moreover, Putrino et al. (2006) found greater weight gains with less DM intake in confined Nellore heifers fed with protected fat (Lacto Plus ® produced from vegetable fat soy).
Protein is the nutrient of greatest cost in feed and represents most of the production cost in confinement systems. Therefore, it is important to identify the efficiency of protein. Although the protein efficiency ratio did not have differences between treatments (P>0.05), the animals fed protected fat had a numerically greater average of 5.25 g/kg compared with other lipid sources.
There was no difference (P>0.05) between the initial animal weights. However, the difference was used as a covariable in the slaughter weight. The slaughter weight was different (P<0.05) among the various treatments ( With greater feed intake and, consequently, superior performance, the animals fed protected fat had greater average slaughter weight and were 5% heavier than the animals fed other treatments. Animals receiving the diet with protected fat showed an average gain of 18% greater than the animals fed the other diets. The greater weight gains observed in the diets is attributed to the energy values of the diets and the genetic quality of the heifers because they were derived from industrial crosses of second generations.
The hot carcass weight, hot carcass yield, cold carcass weight, cold carcass yield and pH characteristics 24 h after slaughter were not different between the various treatments (P>0.05).
Carcass traits are influenced by nutritional management, age at slaughter, genetic factors and sexual condition. Restle et al. (2001) examined the carcasses of slaughtered confined heifers (¾ Charolais × ¼ Nellore) and found a hot carcass yield of 51.6 kg/100 kg, which was a value similar to those observed in the present study.
The hot carcass yield had an average value of 50.78 kg/ 100 kg. The following similar values were found in other studies: 51.4 kg/100 kg was observed by Restle et al. (2001) for ¾ Charolais × ¼ Nellore heifers; 51.4 kg/100 kg was observed by Kazama et al. (2008) for ½ Nellore × ½ Angus heifers. Furthermore, Marques et al. (2000) observed a value of 50.9 kg/100 kg in approximately 24-month-old crossbreed heifers (Angus × Nellore and Simmental × Nellore) fed diets of corn replaced by cassava husk, cassava meal or cassava.
The same authors mentioned that this value (50.9 kg/100 kg) was below the normal for this animal category in which the yield between 52 kg/100 kg and 54 kg/100 kg is considered satisfactory depending on the cold room with characteristics of carcass cleaning according to the different market requirements.
However, no effects on yields and carcass weights were observed in various studies including the study done by Jaeger et al. (2004) . They used four different genetic groups fed diets either with or without protected fat. Furthermore, Aferri et al. (2005) found no effects on yields and carcass weights when animals were provided with three different diets including a diet containing cottonseed, one with protected fat and one without protected fat.
Differences in carcass yield are more commonly described in experiments conducted with various genetic types of cattle (Chambaz et al., 2003) , and these studies show different tissue growth curves, and different slaughter and trim conditions. Also, according to Reis & Lobo (1991) , genetic variants and independent environments do not exist with regard to animal performance in the broad sense.
Carcass growth characteristics (carcass length, leg length, shin length, shin circumference, carcass width and thigh thickness) were not influenced by the different lipid sources tested (Table 4 ; P>0.05).
The carcass measurements serve to characterize the product, thereby presenting a high correlation with their weight and can be used as indicators of carcass traits. SG -diet containing 60% corn silage and 40% concentrate based on soybeans as fat source; PF -diet containing 60% corn silage and 40% concentrate based on protected fat (Megalac-E ® ) as fat source; SO -diet containing 60% corn silage and 40% concentrate based on soybean oil as fat source; CV -coefficient of variation (%). 1 24 h post slaughter; IW -initial weight; WS -weight at slaughter; HCW -hot carcass weight; HCY -hot carcass yield; CCW -cold carcass weight; CCY -cold carcass yield; CL -carcass length; LL -leg length; SL -shin length; SC -shin circumference; CW -carapace width; TT -thigh thickness; LEA -loin eye area; RLEA -relative LEA; FTC -fat thickness of cover. a, b Means followed by different lowercase letters in the same row differ according to the Tukey test (P<0.05). These characteristics are also indicative of the size and are related to race and age of animals. Carcass length is directly related to the bone tissue development when they are evaluated and, hence the animal growth phase. Thigh thickness is one of the most important factors in quantifying carcass muscle. Along with shin circumference, the thigh thickness indicates muscle yield. Marques et al. (2006) observed average values of 113.8 cm, 68.4 cm and 21.1 cm in carcass length, leg length and thigh thickness, respectively. In their study, they used 18-month-old confined crossbreed heifers (½ Nellore × ½ Red Angus) subjected to surgical or mechanical anestrous that were fed a diet based on corn silage (41%) and soybean meal with corn (59%).
According to Viljoen et al. (2002) , the pH values obtained 24 h after slaughter should be below 5.80 (Table 4) . They suggest that above this value, the meat should be classified as dark, firm and dry, and the rejection of this kind of meat by consumers is higher. Thus, the average value (5.76) obtained in this study was within the ideal pH range because Brazilian slaughterhouses export only beef with pH below 5.8, which is directly assessed in the longissimus dorsi muscle 24 h postmortem (Oliveira et al., 2009) .
The loin eye area (LEA) is an objective measure of great value in predicting the amount of carcass muscle. The muscles of late maturity represent the most reliable index of development and muscle tissue size, so the longissimus muscle is the most suitable because it matures late and is easily measured (Osório & Osório, 2005) . No significant differences (P>0.05) were observed between the LEA values in the present study. The average rib eye area found (71.23 cm 2 ) was considered satisfactory in 18-month-old females because this characteristic is determined by various factors, such as sex (Müller et al., 2005) , age (Marques et al., 2006) , race (Moreira et al., 2005) , size and weight of the animal (Costa et al., 2002; Abrahão et al., 2005) . According to Marques et al. (2006) , males that are older, heavier and larger typically have greater LEAs. Marques et al. (2006) found lower values (57.30 cm 2 ) in 18-month-old crossbred heifers. Moreover, Abrahão et al. (2005) observed mean LEA values of 63.17 cm 2 and 70.91 cm 2 in crossbred females receiving corn meal or dried cassava starch, respectively.
The measure of the LEA expressed in relation to cold carcass weight (LEA/100 kg cold carcass; relative LEA) allows a better interpretation of the information concerning the rib eye area and, therefore, facilitates the identification of animals with superior muscularity. There were no differences (P>0.05) in the relative LEA as a function of the studied lipid sources. In this study, an average relative LEA of 35.54 cm²/100 kg of carcass was obtained, which was above the value recommended by Luchiari Filho (2000) , who recommends that the relative LEA be at least 29 cm 2 /100 kg of carcass. This value is a reference because as the LEA increases, so does the edible portion, which means that this value an indicator of muscle development. Aferri et al. (2005) also observed no differences in LEA (cm 2 ) and relative LEA (cm 2 /100 kg of carcass) with confined 14-month-old crossbred heifers fed diets containing different lipid sources (5 g/kg fatty acid calcium salts or 21 g/kg cottonseed). The averages found in the reported study were 71.5 cm 2 and 29.8 relative LEA for diets with 5 g/kg fatty acid calcium salts and 66.9 cm 2 and 28 cm 2 /100 kg of carcass (relative LEA) in diets with 21 g/kg cottonseed.
The subcutaneous fat thickness did not differ (P>0.05) in the animals with different treatments. Vaz et al. (2001) worked with Charolais males and crossbred males (¾ Charolais × ¼ Nellore) with a slaughter age of two years. These authors found average fat thickness of 2.2 mm and 2.8 mm, respectively, in the genetic groups tested. These results suggest that large animals take longer to deposit fat. In addition to other factors, this characteristic is influenced by physiological maturity, adult size of the animal, sex and energy density of the diet. As the Brazilian market requires values from 3.0 mm to 6.0 mm, the average values of this study (6.4 mm) met the market requirements.
According to Luchiari Filho (2000) , there is a negative correlation between fat thickness and coverage of edible portion because the greater fat thickness values lowers the LEA value. Thus, the subcutaneous fat in small amounts causes problems in carcass handling and sarcomere shortening during storage due to cold temperatures. Moreover, high levels of lipid sources are not only undesirable but also decrease the edible portion yield. Therefore, they need to be trimmed before marketing, which results in waste.
Significant differences (P<0.05) were found in the bone proportion and adipose tissue proportion characteristics ( Table 5 ).
Animals that received the soybean diet had a greater bone proportion (15.22 kg/100 kg of carcass) than the animals fed protected fat (13.79 kg/100 kg of carcass). In terms of adipose tissue proportion, protected fat resulted in a greater value (32.02 kg/100 kg of carcass) when compared with the value (25.84 kg/100 kg of carcass) resulting from the soybean diet. The muscle proportion did not change with different treatments.
The fat, muscle and bone proportions of animals are of great interest to the producer, industry and, in particular, the consumer (Hankins & Howe, 1946) . As the slaughter period progresses, the weight gain composition is changed so that the initial growth, predominantly muscle, gives rise to a greater retention of energy as fat. This process is mainly influenced by the nutritional level and occurs more sharply for the fat and protein ratio (Di Marco, 1998) . Marques et al. (2006) worked with 18-month-old confined crossbred heifers (½ Nellore × ½ Red Angus) that underwent surgical or mechanical anestrous and were given a diet based on corn silage (41%) and soybean meal with corn (59%). They found greater values of bone proportion (16.0 kg/100 kg of carcass) and muscle proportion (62.6 kg/ 100 kg of carcass) and lower values of adipose tissue proportion (20.9 kg/100 kg of carcass) when compared with the values of the present study. Similiarly, Vaz & Restle (2003) observed greater muscle proportion (69.60 kg/100 kg of carcass) in animals that had lower carcass fat percentages (14.60 kg/100 kg of carcass).
Carcasses with greater muscle quantity and less fat are ideal because the cleaning process is less pronounced, which reduces waste and increases the carcass yield. Ribeiro et al. (2001) stated that greater hindquarter yields are economically desirable because the best parts of the carcass are found in the hindquarter; thus achieving greater business value. In this study, however, no significant differences (P>0.05) were found in yields when comparing hindquarters, forequarters and spare ribs with the different diets (Table 5) . Fernandes et al. (2008) worked with confined Canchim heifers and observed similar yield values from hindquarters, forequarters and spare ribs (52.78, 34.71 and 11.92 kg/100 kg of carcass, respectively). Junqueira et al. (1998) did not observe differences with respect to the hindquarter yield between intact males and heifers. However, the same authors found that females had a lower forequarter yield. These observations are associated with the growth characteristics of animals with different genders. Moreover, uncastrated males have greater muscle tissue development in the forequarter than castrated animals and females (Fernandes et al., 2008) . According to Luchiari Filho (2000) , this differential growth is influenced by the presence of gonadotrophic androgens, which are needed to fully complete the muscle development patterns. SG -diet containing 60% corn silage and 40% concentrate based on soybeans as fat source; PF -diet containing 60% corn silage and 40% concentrate based on protected fat (Megalac-E®) as fat source; SO -diet containing 60% corn silage and 40% concentrate based on soybean oil as fat source; CV -coefficient of variation (%). a, b Means followed by different lowercase letters in the same row differ according to the Tukey test (P<0.05). 
Conclusions
Protected fat provides a greater nutrient intake and increases the average daily weight gain of heifers. The use of the energy fraction (oil) from soy in the form of protected fat (calcium salts) promotes a better trimming of the carcasses. Lipid sources do not influence the feed conversion or protein efficiency ratios of the animals.
